Introduction
Aorta-right ventricular fistulas are a rare presentation after penetrating chest trauma. 1 The majority are well-tolerated, but over time, which may result in heart failure if left untreated. Once detected prompt surgical intervention is recommended to prevent sequelae such as heart failure and infective endocarditis (IE). 1 There have been no cases of aorta-pulmonary (A-P) artery fistulas, with concurrent aortic and pulmonary valve regurgitation, reported in the recent literature. One case report, published in 2005, stated that aorta-right ventricular fistula with aortic insufficiency is a rare lesion and only 17 such cases had been previously reported. 2 Some patients may present early due to haemodynamic instability, whereas others may have a more protracted course resulting in a delayed presentation. In a South African case study, a patient presented 6 years after a penetrating chest injury with exertional dyspnoea and a continuous murmur due to aorta-right ventricular fistula complicated by aortic regurgitation. 3 The delayed presentation was explained by gradual fibrosis of the aortic valve cusp and the resultant larger defect. In a case series review of aorta-right ventricular fistula by Samuels et al., 4 it was concluded that due to unfavourable natural history of these lesions, a definitive repair of this structural defect must be performed at the index hospitalization. In 2015, Dieng et al. 5 reported penetrating trauma to the heart with a screwdriver, in this case, the patient sustained injury to the right ventricle and right coronary vein and underwent surgical repair. In the last decade, case reports pertaining to penetrating wounds to the chest resulting in aorta-right ventricular fistula have been scarce. We present a unique case of an A-P artery fistula complicated by IE and double valve involvement, and its assessment by three-dimensional (3D) echocardiography.
Timeline Case presentation
A 30-year-old man with no comorbidities presented to the emergency department with a history of being stabbed in the chest with a screwdriver a few hours prior to arrival. The entry wound was located in left parasternal region in the second intercostal space ( Figure 1 ). 
Date Events
24 January 2018 First presentation to the emergency department with stab wound to the chest. Echocardiography did not document any structural heart involvement.
27 January 2018 Discharged from the hospital.
February 2018
Second presentation with dyspnoea as the main complaint. Started on antibiotics for suspected pneumonia and possible infective endocarditis. Echocardiogram is done, which showed shunt between the aorta and the pulmonary artery. A transoesophageal echocardiogram confirmed the presence of a shunt and vegetations on the aortic and pulmonary valve. (Figures 2 and 3) . On 3D transoesophageal echocardiography, the defect measured 1.4 Â 0.6 cm in diameter with area of 0.9 cm 2 (Figures 4-6 ). There was moderate, functional, mitral regurgitation, and moderate tricuspid regurgitation. The pulmonary artery systolic pressure was 40 mmHg and preserved right ventricular systolic function was noted. The patient was subsequently referred for surgical repair. Surgical debridement of all necrotic and infected material was performed. Closure of the A-P artery fistula was performed with a bovine pericardial patch. The aortic valve was replaced with a 25-mm CardiaMed bileaflet mechanical valve, and the pulmonary valve was replaced with a 27-mm Mitroflow bioprosthetic valve. The cardiopulmonary bypass time was 196 min. The presence of multiple vegetations was confirmed intraoperatively (Figure 7) . No organism was identified on cultures of the resected valves. He was given 2 weeks of antibiotics prior to surgery and 4 weeks after surgery. He received ceftriaxone 2 g daily intravenously for a total of 6 weeks, gentamycin 240 mg daily intravenously for the first 2 weeks and vancomycin 1 g 12 hourly intravenously (drug levels for the latter two drugs were monitored). At follow-up, 2 weeks after discharge by the cardiothoracic surgeons, he was asymptomatic and had no murmurs clinically. On echocardiography, he had a trivial aortic valve paravalvular leak, normal pulmonary valve, and an intact pericardial patch repair.
Discussion
Aorta-pulmonary artery fistula following a stab wound to the chest with superimposed IE is a rare presentation. There are several points of interest in this case that need to be highlighted. Firstly, this patient was stabbed with a screwdriver, an unusual weapon. Unfortunately, the screwdriver was removed prior to the patient's arrival, so the angle of entry could not be ascertained on clinical examination. Furthermore, there was a delay in the diagnosis of the fistula due to two possible reasons. Firstly, the patient may have been initially asymptomatic of cardiac symptoms and the continuous murmur missed during the first hospital admission. Alternatively, during the index presentation, there was no fistula, and the patient presented later due to superimposed IE, secondary to infection due to the penetrating wound, eventually resulting in tissue necrosis and fistula formation. Thus, a high index of suspicion must be maintained, and a careful search for intracardiac shunts must be made on echocardiography, prior to discharge. Furthermore, the initial cardiac echocardiogram was performed in the emergency department by a junior doctor and not by an expert in echocardiography. We suspect the cardiac lesion may have been missed at the index admission. Thus, we recommend that all cases where there is suspicion of cardiac trauma an expert echocardiographer must be consulted. Furthermore, a CT scan of the chest should have been performed which may possibly have identified the pericardial effusion and the fistula. A multidisciplinary team approach these patients has been shown to improve patient outcomes. 6 Additionally, such patients must be followed-up closely after discharge as these lesions may only manifest at a later stage due to poor healing or fibrosis. It is known that healthy endothelium cannot be easily colonized by bacteria. 7 Bacteria require endothelial disruption to adhere, multiply and cause infection in the form of IE. The mechanism of endothelial disruption may be related to direct trauma, amongst others, from invasive procedures or penetrating trauma as represented in this case.
There was a likely injury to the endothelium of the semilunar valves and concomitant introduction of bacteria by the contaminated screwdriver. The endothelial disruption resulted in exposure of the tissue matrix, leading to platelet adherence, deposition of fibrin, formation of microthrombi and promotion of bacterial adhesion and proliferation. This resulted in the formation of vegetations and enlargement of the fistula. The fistula, in turn, resulted in further damage to the endothelium due to a high-velocity jet caused by the left to right shunting of blood from the aorta to the pulmonary artery, causing further bacterial seeding. Physical examination alone is not sufficient for detection of the direction and extent of cardiac injury from penetrating trauma. 8 It is neither sensitive nor specific for recognizing significant pathology. Usually, the shape and size of the weapon and the angle of entry of the instrument provides clues to the potential injuries. The size of the external injury may grossly underestimate the extent of internal injury. Penetrating trauma to the so-called 'box' region should raise a red flag, as there is a high risk of injury to the heart and surrounding mediastinal structures. 8 The box is superiorly defined by the clavicles and sternal notch, laterally by vertical lines through the nipples, and inferiorly by the costal margins. The incidence and the natural history of penetrating cardiac injury are not well studied. Some authors have reported secondary cardiac injuries at follow-up, such as fistulas and ventricular septal defects. Based on the aforementioned observations it is suggested that these patients should undergo a follow-up transthoracic echocardiogram, as haemodynamically insignificant or small cardiac lesions may be missed at the initial encounter. 3, 9 A baseline CT scan of the chest should also be performed to exclude a haemopericardium and a haemopneumothorax, fistula and intracardiac septal defects. Concurrent involvement of the aortic and pulmonary valve resulting in haemodynamically significant lesions is unique. The aforementioned combination of lesions secondary to a penetrating chest wound has not been reported in the recent literature.
Furthermore, in this case, 3D echocardiography allowed a comprehensive assessment of the morphology of the A-P artery fistula, aortic and pulmonary valve, as well as the superimposed vegetations. Three-dimensional transoesophageal echocardiography allowed acquisition of volumetric data, from which the multiplane reconstruction of the orifice of the fistula allowed us to measure the diameter and the area of the asymmetrical orifice. [10] [11] [12] This information proved useful prior to surgical repair. Additionally, 3D echocardiography allowed enface view visualization of the defect. Threedimensional imaging has certain inherent limitations which must be taken into account when calculating orifice area in general. 11 The main limitations of 3D echocardiography include: (i) its low temporal and spatial resolution which may cause errors in area measurement of the orifice and can miss small vegetations; (ii) reliance on adequate two-dimensional image quality limits its use in patients with poor echo windows; and (iii) presence of artefacts such as due to blooming, can result in underestimation of the orifice area. 12 
Conclusion
We have described a rare case of an A-P artery fistula with concurrent aortic and pulmonary valve regurgitation due to a stab wound to the chest complicated by IE. In patients with stab wounds to the chest, careful physical examination, a chest X-ray, a thorough echocardiogram and a CT scan of the chest should be performed. Furthermore, in addition to two-dimensional echocardiography, 3D echocardiography is useful in providing a comprehensive morphological assessment prior to surgery. Traumatic aorto-pulmonary artery fistula
